Starr's formula for deriving stroke volume from pulse pressure, diastolic pressure, and age has been tested experimentally in a group of miscellaneous hospital patients. Nearly simultaneous measurements of stroke volume by the direct Fick method and of brachial arterial pressure by direct puncture were analyzed. The measured stroke volume frequently differed considerably from the values calculated from the formula. Certain theoretic limitations of the application of multiple regression equations to this material are presented. A priori it would seem that mathematical manipulation of systoles simulated in cadavers is far removed from the determination of a dynamic quantity like cardiac stroke volume in the living subject. The present analysis was undertaken to test the validity of this procedure.
METHODS AND RESULTS
Data were collected on 28 miscellaneous hospitalized patients in whom stroke volume was measured by means of the Fick principle and right-sided cardiac catheterization. Each patient was in a resting state. Two stroke volume determinations were conducted 20 min. apart. The average difference between the 2 determinations of stroke volume was 7.1 ml., or less than 12 per cent of the mean stroke volume for the whole group of 60 ml. There was a variance of the difference of 6.7 ml. For each determination duplicate intra-arterial pressures were recorded photographically with a Hathaway blood pressure recording system. Subjects ranged in age from 23 to 72 and exhibited varying disease states. Included were 11 with chest disease, of whom 6 had cor pulmonale, 5 with rheumatic heart disease, 4 with arteriosclerotic heart disease, 3 with hypertensive cardiovascular disease, 4 with normal cardiovascular systems, and 1 with thyrotoxicosis. It is in such miscellaneous patients that an easy determination of stroke volume would be most helpful.
Starr's equation was applied to our data. Since duplicate pressure readings had been BRIDWELL, JENSS, AND GREENE readings. A standard error of 24.0 ml. was obtained from the line of perfect agreement when Starr's equation was applied to our data. This compares with his predicted error of 5.9 ml.
Another approach was to derive our own equation from our own data. The method of least squares presented by Mills3 was used. This method assumes all the error to be in the dependent variable and none in the independent variables. The equation derived from our data is: Stroke volume = 66.0 + 0.34 PP -0.11 DP -0.36 age The standard error of our own equation as applied to our own data was 24.3 ml.
DISCUSSION
Of the many influences on stroke volume one would expect age to be one of the least important. Diastolic pressure also bears no immediately obvious relation to stroke volume. It is therefore not surprising that formulas based on these 2 variables do not predict stroke volume well. Since neither Starr's equation nor one similarly derived by us yields useful predictions of stroke volume in a representative cross section of patient population, the further pursuit of this subject does not appear profitable.
There is, however, the additional question of statistical theory. It is not so much a matter of taking data and running them It is often difficult to determine by palpation whether a pulsating liver is due to tricuspid insufficiency, to the impact of the contracting right ventricle, or to the expanding subdiaphragmatic aorta. In the majority of instances, simple physical examination will make the correct diagnosis. The fingers of one hand are placed on a carotid artery, while the other hand presses gently upon the enlarged liver. If the pulsations are transmitted by a ventricular or aortic impact, both carotid and hepatic pulsations are felt to occur simultaneously; if due to tricuspid insufficiency, the hepatic pulsation is felt after the carotid pulsation, imparting a see-saw sensation to the examining fingers. The accuracy of this simple procedure has been checked by recording characteristic insufficiency pressure curves from the right atrium during cardiac catheterization in man and by postmortem examination. KITCHELL TRAVIS BRIDWELL, RACHEL M. JENSS and DAVID G. GREENE
